WO 97/31^ 

w 

FOR OSTEOPOROSIS 
^ ^«io««on o. ten. 3., ^ccnd«on--e=»^«^ ,50.000 



EXPRESS MML HO. 



35^ 



PCT/1B96/01462 



WO 97/31640 



-««ated With estrogen therapy 

on bone and Upas prevents Bone u> 

U. e. .1.. Ba""*"-"' ""^"^Irtn. Hypertrop-V «" Ovanec»omaed Ra 

Led by reference) discloses the usee 



25 



30 



pcrrnB96/oi462 



wo 97/31640 



Combln.«ons ci ^^.^o. 0 381 296. 
..one '^'^^"Z "^""^ ^ne, .uortde, *V^=« 

pCTA)S93/oe529 „^ 10 ^„ea. Upon 

bone resonXion «M>^ ,a 



20 



397/31640 ^ W 

.el-— 

. „,w. trauma have been «P u>cluOe p .^^phonates, 

10 (enher alone " ' ^.sal ^^en, rtc." 

„tf,um P»™t °e exist a °' "fTl tor a»ema6vether.p.«*"« 

Tnee:-"*--^-^::::^^^^ 

.„d said first compound being ^^pound. soid 

naphthalene-2-ol; 



25 



wo 97/31640 



PCT/1B96/01462 



Cis-1-r6'-pvrrolodinoethoxy-3'-pyridyll-2-phenyl-6.hydroxy-1 ,2.3.4- 

tetrahydrohaphthalene; 

1.(4'-Pyrrolidinoethoxyphenyl)-2-(4Mluorophenyl)-6-hydroxy-1 .2,3.4- 

tetrahydroisoquinoline; 
5 Cis-6-(4-hydroxyphenyl)-5-l4-(2-piperidin-1 -yl-ethoxy)-phenyt]-5.6.7,8-tetrahydro- 

naphthaiene-2-ol; and 

1 -(4'-PyrroIidinolethoxyphenyl)-2-phenyl-6-hydroxy-1 .2,3,44etrahydrolsoquinoline, 

Preferred anabolic agents include PGD„ PGD,. PGE„ PGE,. PGF,, PCF^aand 
3S-(3-Hydroxy-4-phenyl-butyt)-2R-[6-(1H-letrazol-5-yl)-hexyl]-cyclopentanone. 
1 0 Another aspect of this Invention is a method for treating mammaJs which present 

with low bone mass comprising administering to a mammaJ having a condition which 
presents with low bone mass 

a. a therapeutically effective amount of a first compound, said first compound 
being an estrogen agonist/antagonist; and 
15 b. a therapeutically effective amount of a second compound, said second 

compound being a prostaglandin or a prostaglandin agonist/antagonist. 

Preferred -estrogen agonist/antagonists in this-method include droloxifene. 
raioxlfene. tamoxifen, 4-hydroxy-tamoxifen, 

Cis-6-f4-fluoro-phenvl>-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6.7,8-tetrahydro- 

20 naphthalene-2-ol; 

(-)-Cis-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5.6,7,8-tetrahydro- 

naphthalene-2-ol; 

Cis-6-phenvl-5-t4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6.7.8-tetrahydro- 
naphthalene-2-ol; 

25 Cis-1-f6'-pvrrolodinoethoxy-3'-pyridyll-2-phenyl-6-hydroxy-1 ,2,3.4- 

tetrahydrohaphthalene; 

1-(4'-Pyrrolidinoethoxyphenyl)-2-(4Mluorophenyl).6-hydroxy-1 .2.3.4- 

tetrahydroisoquinoline; 

Cis^{44iydroxyphenyl)^[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7.8-tetrahydro- 

30 naphthalene-2-ol; and 

1-(4'-Pyn-olidinolethoxyphenyl)-2-phenyl-6^ydroxy-1.2,3,4-tetrahydroisoquinoline. 
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Preferred anabolic agents In this method lndud« PGD„ PGD,, PGE,, PGE,, 
PGFa, PGFja and 3S-(3-Hydroxy-4i3henyl-butyt)-2R-I6-(1H-tetrazol-5-yl)-hexyl]- 
cyclopentanone. 

A preferred aspect of this method is wherein the condition which presents with 
5 low bone mass is osteoporosis. 

Another preferred aspect of this method is wherein the first compound and the 
second compound are administered substantially simultaneously. 

Another preferred aspect of this method is wherein the second compound is 
administered for a period of from about three months to about three years. 
10 Optionally the administration of the second compound is followed by 

administration of the first compound for a period of from about three months to about 
three years without the administration of the second compound during the second 
period of from about three months to about three years. 

Altematively, the administration of the second compound is followed by 
1 5 administration of the first compound for a period greater than about three years without 
the administration of the second compound during the greater than about three year 
period. — - ~ 

Another aspect of this invention Is a synergistic phamnaceutical composition 
comprising 

20 a. an amount of a first compound, said first compound being an estrogen 

agonist/antagonist; and 

b. an amount of a second compound, said second compound being a 
prostaglandin or a prostaglandin agonist/antagonist 

wherein the amount of the first compound alone and the amount of the second 

25 compound alone is insufficient to achieve the therapeutic effects of increase in bone 
fomiation and decrease in bone resorption If administered simultaneously and wherein 
the combined effect of the amounts of the first and second compounds is greater than 
the sum of the therapeutic effects achievable with the individual amounts of the first and 
second compound, and a phamnaceutically acceptable diluent or canier. 

30 Yet another aspect of this invention is a synergistic method for treating 

mammals which present with low bone mass comprising administering to a mammal 
having a condition which presents with low bone mass 
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a. an amount of a first compound, said first compound being an estrogen 
agonist/antagonist; and 

b. an amount of a second compound, said second compound being a 
prostaglandin or a prostaglandin agonist/antagonist 

5 wherein the amount of the first compound alone and the amount of the second 
compound alone is insufficient to achieve the therapeutic effects of Increase in bone 
formation and decrease in bone resorption if administered simultaneousty and wherein 
the combined effect of the amounts of the first and second compounds is greater than 
the sum of the therapeutic effects achievable with the ir^ividual amounts of the first and 
10 second compound, and a pharmaceutically acceptable diluent or carrier. 

Another aspect of this invention is a kit containing a treatment for a condition 
which presents with low bone mass comprising: 

a. a therapeutically effective amount of an estrogen agonist/antagonist and a 
pheuTnaceutically acceptable carrier in a first unit dosage form; 
15 b. a therapeutically effective amount of a prostaglandin or a prostaglandin 

agonist/antagonist and a pharmaceutically acceptable carrier in a second unit dosage 

form; and, „ . _ . . ^ 

e. cont£uner means for containing said first and second dosage forms. 
Another aspect of this invention is directed to a pharmaceutical composition 
20 comprising: 

a. a therapeutically effective amount of a first compound, said first compound 
being droloxifene, ralojofene, tamoxifen or idoxifene; and 

b. a therapeutically effective amount of a second compound, said second 
compound being sodium fluoride or N-[1(R}-[1,2-Dihydro-1-methanesulfonytspiro[3H- 

25 indole-3.4'-piperidin]-1 '•yl)carbonyl}-2-(phenylmethyloxy)ethyl]-2-amino-2- 
methytpropanamide:MK-677. 

A preferred aspect of this composition is wherein the first compound is 
droloxifene. 

Another aspect of this invention is directed to a method for treating mammals 
30 which present with low bone mass comprising administering to a mammal having a 
condition which presents with low bone mass 

a. a therapeutically effective amount of a first compound, ssud first compound 
being droloxifene, raloxifene, tamoxifen or idoxifene; and 
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A preferred aspect of this synergistic composition is wherein the first compound 
is droloxHene. 

Yet another aspect of this Invention Is a synergistic method for treating 
mammals which present with low bone mass comprising administering to a mammal 
5 having a condition which presents with low bone mass 

a. an amount of a first compound, said first compound being droloxHene. 
raloxifene, tamoxifen or Idoxifene; and 

b. an amount of a second compound, said second compound being sodium 
fluoride or N-I1 {R}-[1 ,2-Dihydro-1-methanesulfonylspiroI3H-indole-3,4'-piperidln]-1 

1 0 y|)carbonyI]-2-(phenylmethyloxy)ethyll-2-amino-2-methylpropanamide:MK-677 

wherein the amount of the first compound alone and the amount of the second 
compound alone is insufficient to achieve the therapeutic effects of Increase in bone 
formation and decrease in bone resorption If administered simultaneously and v»/herein 
the combined effect of the amounts of the first and second compounds Is greater than 
1 5 the sum of the therapeutic effects achievable with the Individual amounts of the first and 
second compound, and a phannaceutically acceptable diluent or earner. 

A prefen-ed aspect of this synergistic method is wherein the first compound is 
droloxifene. 

Another aspect of this Invention Is a kit containing a treatment for a condHlon 
20 which presents with low bone mass comprising: 

a. a therapeutically effective amount of droloxifene, raloxifene, tamoxifen or 
idoxifene and a phannaceutically acceptable carrier in a first unit dosage fonn; 

b. a therapeutically effective amount of sodium fluoride or N-[1 {R)-[1 ,2-Dihydro- 
1.methanesulfonylsplro[3H-lndole-3.4'-plperldin]-1'-yl)carbonyll-2- 

25 (phenylmethyloxy)ethyl]-2-amlno-2-methylpropanamide:MK-677and aphannaceutlcally 
acceptable carrier In a second unit dosage form; and 

c. container means for containing said first and second dosage fomns. 

A prefen-ed aspect of this kit is wherein the first compound Is droloxifene. 
Yet another aspect of this invention Is a pharmaceutical composition comprising: 
30 a. a therapeutically effective amount of a first compound, said first compound 

being 

Cis-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5.6.7.8-tetrahydro. 
naphthalene-2-ol; 
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(-)-Cis-6-phenyl-5-l4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro- 
naphthalene-2-ol; 

£is-6-phenyl-5-[4-(2-pyrrolldln-1-yl-othoxy)-ph«nyl]-5,6.7,8-totrahydro- 
naphthalene-2-ol; 

5 Cis-1-r6'-pvrrotodinoethoxy-3'-pyridyll-2-phenyl-g-hydroxy-1 .2,3.4- 

tetrahydrohaphthalene; 

1-{4'-Pyrrolidinoethoxyphenyl)-2-(4Mluorophenyl)-6-hydroxy-1, 2,3,4- 

tetrahydroisoquinoiine; 

Cis-6-(4-hydroxyphenyl)-&-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5.6.7,8-tetrahydro- 
10 naphthalene-2-ol; or 

1-(4vPyrrolidinolethoxyphenyl)-2-phenyl-64iydroxy-1.2,3,4-tetrahydroisoquinoiine; 

and 

b. a therapeutically effective amount of a second compound, said second 
compound being sodium fluoride, a parathyroid hormone, growth hormone or a growth 
1 5 hormone secretagogue. 

Yet another aspect of this invention is a method for treating mammals which 
present with low bone mass comprising administering to a mammal having a condition 
which presents with low bone mass , _ _ - 

a. a therapeutically effective amount of a first compound, said first compound 

20 being 

Cis-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yi-ethoxy)-phenyl]-5,6,7,8-tetrahydro- 
naphthalene-2-ol; 

(-)-Cis-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5.6.7.8-tetrahydro- 
naphthalene-2-ot; 

25 Cis-6-phenvl-5-r4-f2-pvrroiidin-1-yl-ethoxy)-phenyl]-5,6.7.8-tetrahydro- 
naphthedene-2-ol; 

Cis-1-f6'-pyrroiodinoethoxy-3'-pyridyll-2-phenyl-6-hydroxy-1 ,2.3,4- 

tetrahydrohaphthalene; 

1-(4'-Pyrrolidinoethoxyphenyl)-2-(4"-fluorophenyl)-6-hydroxy-1 ,2,3.4- 

30 tetrahydroisoquinoline; 

Cis-€-(4-hydroxyphenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyll-5,6,7,8-tetrahydro- 

naphthalene-2-ol; or 
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1 ^4'-PyrroIidinolethoxyphenyl)-2-pheny»^ydroxy-1 ^,3,4-tetrahydroisoquinoline; 

and 

b. a therapeutically effective amount of a second compound, said second 
compound being sodium fluoride, a parathyroid hormone, growth hormone or a growth 
5 hormone secretagogue. 

A preferred aspect of this method is wherein the condition which presents with 
low bone mass is osteoporosis. 

Another preferred aspect of this method is wherein the first compound and the 
second compound are administered substantially simuftaneously. 
1 0 Another prefen-ed aspect of this method is wherein the second compound is 

administered for a period of from about three months to about three years. 

Optionally the administration of the second compound is followed by 
administration of the first compound for a period of from about three months to about 
three years without the administration of the second compound during the period of 
1 5 from about three months to about three years. 

AJtematlvely, the administration of the second compound is followed by 
administration of the first compound for a period greater than about three years without 
the administration of the second compound during the greater than about three year 
period. 

20 Yet another aspect of this Invention Is a synergistic pharmaceutical composition 

comprising 

a. an amount of a first compound, said first compound being 
Cis-6-(4-fluoro-phenyI)-5-l4-(2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro- 

naphthalene-2-ol; 

25 (.)-Cis.6-phenyl-5-[4.(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro- 
naphthaIene-2-ol; 

Cis-6-phenvl-5-[4-{2-pyrrolidin-1-yl-ethoxy)-phenyl]-5.6.7.8-tetrahydro- 
naphthalene-2-ol; 

Cis-1-f6'-pvrrolodlnoethoxy-3'-pyridyl]-2-phenyl-6-hydroxy-1, 2,3.4- 

30 tetre^ydrohaphthalene; 

1-(4*-Pyrrolidinoethoxyphenyl)-2-{4Mluorophenyl)-6-hydroxy-1 .2.3,4- 

tetrahydroisoquinoUne; 
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gs-6-(4-hydroxypheny()-5-[4-(2-piperidln-1-yl-ethoxy)i>henyI]-5,6J,8-tetrahydro- 
naphthalen6-2-ol; or 

1-(4VpyiTolidinolemoxyphenyl)-2-phenyl-64)ydroxy-1,2.3.4-teftrahydroisoquh 

b. eui amount of a second compound, said second compound being sodium 
6 fluoride, peu^tliyroid homione, growth hormone or a growth hormone secretagogues 

wherein the amount of the first compound alone and the amount of the second 
compound alone is insufficient to achieve the therapeutic effects of increase in bone 
formation and decrease in bone resorption if administered simultaneously and wherein 
the combined effect of the amounts of the first and second compounds is greater than 
1 0 the sum of the therapeutic effects achievable with the individual amounts of the first and 
second compound, and a pharmaceutically acceptable diluent or carrier. 

Yet another aspect of this invention is a synergistic method for treating 
mammals which present with low bone mass comprising administering to a mammal 
having a condition which presents with low bone mass 
15 a. an amount of a first compound, said first compound being 

Cis-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yl-€thoxy)-phenyI]-5,6,7,8-tetrahydro- 
naphthalene-2-ol; 

(-)-e^-6-phenyl-5-I4--(2-pyrrolidin-1-yl-ethoxy)-phenyt]-5,6,7,8-tetrahydro- 
naphthalene-2-ol; 

20 Cis-6-phenyl-5-(4-(2-pyrroIidin-1-yl-ethoxy)-phenyI]-5,6,7,8-tetrahydro- 
naphthalene-2-ol; 

Cis.-1-[6'-pyrrolodlnoethoxy-3'-pyridyll-2-phenyl-6-hydroxy-1 ,2,3,4- 
tetrahydrohaphthalene; 

1.(4'-Pyrrolidinoethoxyphenyl)-2-(4'-fluorophenyl)-6-hydroxy-1, 2,3,4- 
25 tetrahydroisoquinollne; 

Cis-6-(4-hydroxyphenyl>-5-l4-(2-piperidin-l-yl-ethoxy>-phenyI]-5,6,7,8-tetrahydro- 
naphthalene-2-ol; or 

1.(4'.pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1,2,3,4-tetrahydroisoquinoline; 

and 

30 b. an amount of a second compound, said second compound being sodium 

fluoride, parathyroid hormone, growth hormone or a growth hormone secretagogue 

wherein the emiount of the first compound alone and the amount of the second 
compound alone is insufficient to achieve the therapeutic effects of increase in bone 
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formatlon and decrease In bone resorption H administered simultaneously and wherein 
the combined effect of the amounts of the first and second compounds Is greater than 
the sum of the therapeutic effects achievable wHh the Individual amounts of the first and 
second compound, and a phamiaceutically acceptable diluent or carrier. 
5 Yet another aspect of this invention is a kit containing atreatmentfor a condition 

which presents with low bone mass comprising: 
a. a therapeutically effective amount of 
Cis-6-(4-fluoro.phenyl).5-I4.(2-piperidin-1-yl-ethoxy)-phenyll.5.6.7.8.tetrahydro- 

naphthaiene-2-ol; 

,0 (.)-Cis-6-phenyU5-[4-(2-pyrrolidin.1.yl-ethoxy)-phenyl].5.6.7.8.tetrahydro. 
naphthalene-2-ol: 

Cis-6-phenyl-5-l4-(2-pyrrolldln.1-yl-ethoxy)-phenyll-5.6.7.8-tetrahydro. 
naphthalene-2-ol; 

Cis-1-l6'-pyrrolodinoethoxy-3'-pyridyll-2-phenyl-6.hydroxy-1.2.3.4- 

15 tetrahydrohaphthalene; 

1.(4'.Pyrrolldinoethoxyphonyl)-2.(4--fluorophenyl)-6-hydroxy.1.2.3.4- 

tetrahydroisoquinoline ; 

gs^{4^ydroxypheny0^l4K2-piperidin.1-yl-ethoxy).phenyl]-5^^ 

naphthalene-2-ol; or 
20 i-(4^Pyrrolidinolethoxyphenyl)-2i>henyl-64,ydroxy-1^.3.4.t^^^^^ 

and a pharmaceutically acceptable carrier In a first unit dosage form; 

b a therapeutically effective amount of sodium fluoride, parathyroid homione. 
growth hom^oneoragrowthhom^onesecretagogueandaphamnaceutically acceptable 

carrier in a second unit dosage form; and 
25 c. container means for containing said first and second dosage fomis. 

Yet another aspect of this invention is a pharmaceutical composition comprising: 

a. a therapeutically effective amount of a first compound, said first compound 
being raloxifene, tamoxifen or idoxifene. and 

b a therapeutically effective amount of a second compound, said second 
30 compound being a parathyroid homK,ne. growth hom^one or a growth hom^one 
secretagogue. 

Yet other aspects of this invention are methods of treatment synergistic 
compositions and krts of the immediately preceding composition. 
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Those skilled In the art will recognize that other anti-resorptive agents 
(bisphosphonate. estrogen, estradiol, premarin, estrone, estriol or 17a- or 17^-ethynyl 
estradiol) and other bone anabolic agents (androgen, androgen agonist/antagonist) 
may be used together or with any of the agents described herein In this invention in an 
5 analogous manner. 

For example, the anti-resorptive agent droloxifene may be combined with an 
individual bone anabolic agent such as parathyroid hormone, growth homione or 
growth hormone secretagogues. 

The phrase "condition which presents with low bone mass' refers to a condition 
1 0 where the level of bone mass is below the age specific normal as defined in standards 
by the Worid Health Organization "Assessment of Fracture Risk and Its Application to 
Screening for Postmenopausal Osteoporosis (1994), Report of a World Health 
Organization Study Group. World Health Organization Technical Series 843". 
Childhood idiopathic and primary osteoporosis are also included. Included in the 
1 5 treatment of osteoporosis is the prevention or attenuation of long term complications 
such as curvature of the spine, loss of height, prosthetic surgery, and prevention of 
prostate malfunctioning. Also included is increasing the bone fracture healing rate and 
enhancing the rate of successful bone grafts. Also included is periodontal disease and 
alveolar bone loss. 

20 The phrase "condition which presents with low bone mass" also refers to a 

mammal known to have a significantly higher than average chance of developing such 
diseases as are described above kiduding osteoporosis (e.g., post-menopausal 
women, men over the age of 60, and persons being treated with drugs known to cause 
osteoporosis as a side effect (such as glucocorticoid)). 

25 Those skilled in the art will recognize that the term bone mass actually refers to 

bone mass per unit area which is sometimes (although not strictly correctly) refen^ed 
to as bone mineral density. 

The term treating", treat" or treatmenr as used herein includes preventative 
(e.g., prophylactic) and palliative treatment. 

30 By halo is meant chloro, bromo, iodo, or fluoro. 

By alkyi is meant straight chain or branched saturated hydrocartjon. Exemplary 
of such alkyI groups (assuming the designated length encompasses the particular 
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example) are methyl. ethyJ. propyl, isopropyl. butyl, seo-butyl. tertiary butyl, pentyl. 
isopentyl. hexyl ar\d isohexyt. 

By alkoxy is meant straight chain or branched saturated eiky\ bonded through 
an oxy. Exemplary of such alkoxy groups (assuming the designated length 
5 encompasses the particular example) are methoxy, ethoxy. propoxy. Isopropoxy, 
butoxy. Isobutoxy, tertiary butoxy, pentoxy, isopentoxy, hexoxy and Isohexoxy. 

The expression -pharmaceutlcally-acceptable anionic salT refers to nontoxic 
anionic saits containing anions such as (but not limited to) chloride, bromide. Iodide, 
sulfate, bisulfate, phosphate, acetate, maleate. fumarale. oxalate, lactate, tartrate, 
10 citrate, gluconate, methanesulfonate and 4-toluene-sulfonate. 

The expression 'phamiaceutically-acceptable cationic saT refers to nontoxic 
cationic salts such as (but not limited to) sodium, potassium, calcium, magnesium, 
ammonium or protonated benzathine (N.N'-dibenzyiethylenediamine). choline, 
ethanolamine. diethanolamine. ethylenediamine, meglamine (N-methyl-glucamine). 
15 benethamine (N-benzylphenethylamine). piperazine or tromethamine (2-amino-2. 
hydroxymethyH ,3-propanediol). 

The parenthetical negative or positive sign used herein in the nomenclature 
denotes- the direction pTiH^"i^teri2^gMlsrotat;^ by the particular stereoisomer. 

As used herein, the expressions 'reaction-inert solvent" and "inert solvent" refers 
20 to a solvent w/hich does not interact with starting materials, reagents. Intermediates or 
products In a manner which adversely affects the yield of the desired product. 

The chemist of ordinary skill will recognize that certain compounds of this 
Invention vwll contain one or more atoms which may be in a particular stereochemical 
or geometric configuration, giving rise to stereoisomers and configurational isomers. 
25 All such isomers and mixtures thereof are included in this invention. Hydrates of the 
compounds of this Invention are also included. 

The chemist of ordinary skill will recognize that certain combinations of 
heteroatom-containing substituents listed in this invention define compounds which will 
be less stable under physiological conditions (e.g. those containing acetal or aminal 
30 linkages). Accordingly, such compounds are less preferred. 

The pharmaceutical compositions of this invention result in a more rapid and 
higher magnitude bone mass gain than is achievable with the same doses of estrogen 
agonists/antagonists as described above alone or an agent which stimulates an 
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increase in bone mineral density as described above alone. Thus, these combinations 
have a synergistic action, Increasing bone mass and decreasing fracture rates to a 
greater extent than is achievable through use of either agent alone. This invention 
maizes a significant contlbution to the art by providing compositions and methods that 
5 increase and maintain bone mass resulting in prevention, retardation, and/or regression 
of osteoporosis and related bone disorders. 

Other features ar>d advantages will be apparent from the specification and 
claims which describe the invention. 

DETAIl-ED DESCRIPTION OF THE INVENTION 

10 The first compound of this invention is a mammalian estrogen 

agonist/aintagonist Any estrogen agonist/antagonist may be used as the first 
compound of this invention. The temn estrogen agonist/antagonist refers to 
compounds which bind with the estrogen receptor, inhibit bone tumover and prevent 
bone loss. Such activities are readily determined by those skilled in the art according 

15 to standard assays including estrogen receptor binding assays (see In Vitro Estrogen 
Receptor Binding Assay hereinafter), standard bone histomorphometric and 
densitometer methods (see Estrogen Agonist/Antagonist Protocol hereinafter, and 
Eriksen E.F. et al., Bone Kstomorphometry, Raven Press, New York, 1994, pages 1-74; 
Grier S.J. et. al., The Use of Dual-Energy X-Ray Absorptiometry In Animals, Inv. Radiol., 

20 1 996, 31 (1 ):50-62; Wahner H.W. and Fogelman I., The Evaluation of Osteoporosis: Dual 
Energy X-Ray Absorptiometry in Clinical Practice., Martin Dunitz Ud., London 1994, 
pages 1-296). A variety of these compounds are described and referenced below, 
however, other estrogen agonists/antagonists will be knovm to those skilled in the art. 
A preferred estrogen agonist/antagonist is droloxifene: (phenol, 3-11 -[4[2- 

25 (dimethylamino)ethoxy]phenyI]-2-phenyl-1-butenyl]-, (E)-) and associated compounds 
which are disclosed in U.S. patent 5,047,431 (the disclosure of which is hereby 
incorporated by reference). 

Another preferred estrogen agonist/antagonist is tamoxifen: (ethanamine, 2-1-4- 
(1 ,2-diphenyl-1 .butenyl)phenoxyJ-N,N-dimethyl, (2)-2-. 2-hydroxy-1 ,2,3- 

30 propanetricarboxylate(1:1)) and associated compounds which are disclosed in U.S. 
patent 4,536,51 6 (the disclosure of which is hereby incorporated by reference). Another 
related compound is 4-hydroxy tamoxifen which is disclosed in U.S. patent 4,623,660 
{\he disclosure of which is hereby incorporated by reference). 



wo 97/31640 



PCT/IB96/01462 



Another preferred estrogen agonist/antagonist is raloxifene: (methanone, [6- 
hydroxy-2-(4-hydroxyphenyl)ben2oIb]thien-3-y1]I4-[2-(1-piperidlnyl)ethoxy]phenyl]. 
.hydrochloride) and associated compounds wWch are disclosed In U.S. patent 
4,418,068 (the disclosure of which is hereby Incorporated by reference). 
5 Another preferred estrogen agonist/antagonist is toremifene: (ethanamine, 2-[4- 

(4-chloro-1,2-diphenyl-1-butenyl)phenoxy]-N,N-dimethyl-. (Z)-, 2-hydroxy-1 ,2.3- 
propanetricarboxylate (1:1) and associated compounds which are disclosed in U.S. 
patent 4,996,225 (the disclosure of which is hereby incorporated by reference). 

Another prefen-ed estrogen agonist/antagonist is centchroman: l-[2-[[4-(- 
10 methoxy-2,2, dimethyl-3-phenyl-chroman-4-yl)-phenoxy]-ethyl]-pyrrolidine, and 
associated compounds which are disclosed in U.S. patent 3,822,287 (the disclosure of 
which is hereby Incorporated by reference). 

Another preferred estrogen agonist/antagonist is 
idoxifene: Pyrrolidine, l.[.I4-[[1-(4-iodophenyl)-2-phenyl-1-Butenynphenoxylethyl] and 
15 associated compounds which are disclosed in U.S. patent 4,839,1 55 (the disclosure of 
which is hereby Incorporated by reference). 

Othw prefen-ed estrogen agonist/antagonists include compounds of the formula 




I 



II 
25 

wherein: 

A is selected from CH^ and NR; 

B, D and E are independently selected from CH and N; 
Yis 

30 (a) phenyl, optionally substituted with 1 -3 substituents independently 

selected from R*; 

(b) naphthyl, optionally substituted with 1-3 substituents 
Independently selected from R*; 
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le) 
(d) 
(e) 



(g) 

15 



C.-C. cydoalkyl. optiondly substituted with 1-2 substituents 
independently selected from R*; 

C,^, cydoslkenyl. optloneily substituted «lth 1-2 substtuents 
independently selected Irom R*; 

.flve niembe«d heterocyd. containing up to two heteroetoms 
selected Iron, the group consisting o. O-. -Ntf- «.d .S(0».-. 
optionally substituted with 1-3 substituents independently 
selected from R*; 

. six membered heterocyde containing up to two heteroatoms 
selected irom the group consisting of -O-, -NR'- »,d -S{0) - 
optionally substituted with 1-3 substituents Independently 
selected from R*; or 

a bicyclic rir^g system consisting of a five or six membered 
heterocyclic ring fused to a phenyl ring, said heterocychc nng 
containing up to two heteroatoms selected from the group 
consisting of-0..-NR'-«ncl-S(0)„..option^lysubstituted .nth 1- 

substituents independently-selected from R*: 



ris 



3 

(a) .(CH,)pW(CHJ, 



20 (b) -0(CHJp CR»R«-; 

(c) 0(CHj)pW(CHa),; 

(d) OCHR'CHR'-; or 

(e) -SCHR'CHR'-; 

Gis 

25 (a) -NR'R"*' 

(b) 



30 



* . , o. m i« 1 2 or 3: ZMs -NH-, -0-, -S-, or 
wherein n is 0. 1 or 2; m is 1, z or c, ^ 
.CH,- optionally fused on adjacent carbon atoms with one or 
two phenyl rings and. option^ly independently substituted on 
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«*on wHh on. to «.r« .ubsmuents ^. opSon^hr, 
Mependen^yonnmogen-nh.chemic^ly-'^'""''^'*-"' 
selected from R*; or 

a bicycilc amir.e containing five to tweh/e cartx,n atoms, erther 
bridged or fused and optior.a..y substituted with 1-3 substituents 
IndependentJy selected from R*; or 
arid G in combination may be 



Wis 



-OCHg 



(a) -CH,-; 

(b) -CH=CH-: 

(c) -0-; 

(d) -NR'-: 

(e) -Sm-r ~ 
(0 



(g) -CR^OH)-; 

(h) <JONR'-; 
n\ -NR'CO; 



On 



0 
II 

-C-; 



(k) -CbC-; 
30 R is hydrogen or CrCe aJM: 

R2 and R' are independently 

(a) hydrogen; or 

(b) C,-C4 aikyi: 
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R*is 

(a) hydrogen: 

(b) halogen; 

(c) C,-Ce alkyl; 

(d) C,-C4 alkoxy; 

(e) C,-C4 acyloxy; 

(f) C-C* alkylthio: 

(g) C,-C4 alkylsulfinyl; 

(h) C,-C4 alkyisuHonyl; 

(i) hydroxy (C,-C4)alkyl: 
(i) aryl {C,-C4)alkyl; 

(k) -COjH; 

(1) -CN: 

(m) -CONHOR; 

(n) -SOjNHR; 

(o) -NH,; 

jp) c-C* alkylamino;- 

(q) C,-C4 dialkylamino; 

(r) -NHSOjR; 

(s) -NO,; 

(t) -aryl; or 



(u) -OH; 



R6 and R' are 



ring; 



R' and R" are independently 
(a) phenyl: 



,M aT-C carbocydic ring, saturated or unsaturated; 
S ale: heterocycHc ring cont^n-ng up to two heteroato^s. 

selected from -O-.-N- and -S-; 
(d) H; 

rme..ered nHrogen oont.n.ng ring wnh R^ or R"; 
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R' .nd R* in eKher linear or nng .cm, ™y cptonlly be .ubs«u.ed with up to 
^ subsmuents independency selected from C,^. -M. H^cgen, -Rcxy. hyd^xy 

formed by R' »>d R" may be optionally lu,«l to . phenyl ring: 
e is 0. 1 or 2; 
mis 1,2 or 3; 
n is 0, 1 or 2: 
p is 0. 1.2 or 3; 

"Jlcpli'Iil'd geomemo isomers «,ereo.; ^ nontoxic phannacologica|,y 
acceptable add add-on salts, N^xldes, es.e« »,d <,uat«n»y «nmona.m salts 
thereof. 

Preferred compounds of the invention are of the formula: 
OCHgCHaG 

15 



20 

wher«n G is 




and 



R< is H. OH. F. or a; and B and E are independently seleded from CH «,d N. 
Esoecially prefen-ed compunds are: 

2-6.(4roro^i,enyl).6.W2^iperidin.1.y.^cxy,«-=.6.7.8-.e.rat,ydro- 

" """t::^S,Henyl.S,4,a.pyrro,idin.1.yi.e^^^^^^^^ 
naphthaiene-2-ol; 



Cis-6-phei 
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,„y,.6.,4.(2.p,rrond-.n.1.yl-emoxy,.phenyt,.5.6.7,8.teUahydro. 

'"'*'^%Uyrro..dlnc,.^oxy.3..pyHdyn-.-PHeny,.e.Kydroxy.1^^ 
^ ....y^oHap.^^^^^^^ 

naphthalene-2-ol; and ,_tK<^ro«/.1 2 3 4-tetrahydroisoquinoline. 

1.(4^Pyrrolidinolemoxyphenyl)-2l*enyt*^iydroxy 1,2A4-tetfany J 

The Jove co,.pounds o. «s U,venUon .re .eadUy prepared by me reasons 

intermediate 



ne-0 - 



II 



20 



25 
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(1967); and J. Med. Chem. 12, 881 (1969). the disclosures of which are herein 
incorporated by reference. They can also be prepared by procedures described below. 

The preparation of the compounds of Fonnula I where e=1. A=CH„ 
r=OCH,CH„ G= cycloalkylamine. B=CH is shown in Scheme 1. Compounds 1-2, 
5 where D and E are CH are made by alkytation of 4.bromophenol with the 
corresponding N-chloroethyiamine using potassium carbonate as base in a polar 
aprotic solvent like dimethylfonnamide at elevated temperatures. A preferred 
temperature is lOQoC. Compounds 1-2 where D or E or both are N are synthesized 
using a nucleophllic displacement reaction performed on dibromides (1-1) using 
1 0 hydroxy ethyl cycloalkylamines under phase transfer conditions to afford bromo amines 
(1-2). Synthesis, 77. 573 (1980). Following halogen metal exchange using n- 
butyllithium or magnesium metal, bromo amines (1-2) yield the con-esponding lithium 
or magnesium reagents which are allowed to react at low temperature in the presence 
of cesium chloride preferably (vwithout cesium chloride the reaction also proceeds) vnth 
15 6^nethoxy-1-tetralone to afford either cariDinols (1-3) or styrenes (1-4) after acidic 
wori<up. Treatment of either carbinols (1-3) or styrenes (1-4) with a brominating agent 
such as pyridinium bromide perbromide affords bromo styrenes (1 -5). Aryl or heteroaryl 
zinc chlorides or aryl or heteroaryl boronic adds react with bromides (1-5) in the 
presence of a palladium metal catalyst like tetrakis triphenyl phosphine palladium (0) 
20 to yield diaryl styrenes (1-6). [Pure & Applied Chem. 63. 419.(1991) and Bull. Chem. 
Soc. Jpn. 61. 3008-3010. (1988)] To prepare the preferred compounds the substituted 
phenyl zinc chlorides or substituted phenylboronic acids are used in this reaction. The 
aryl zinc chlorides are prepared by quench of the corresponding lithium reagent with 
anhydrous zinc chloride. The aryl boronic acids, that are not commercially available. 
25 are prepared by quenching the con-esponding aryl lithium reagent wtth trialkyi borate, 
preferably the trimethyl or triisopropyl borate, followed by aqueous add workup. Acta 
Chemica Scan. 47. 221-230 (1993). The lithium reagents that are not commerdally 
available are prepared by halogen metal exchange of the corresponding bromide or 
halide with n-butyl or t-butyflithium. Alternately, the lithium reagent is prepared by 
30 heteroatom facilitated lithiations as described in Organic Reactions, Volume 27, 
Chapter 1 . Catalytic hydrogenation of 1-6 in the presence of palladium hydroxide on 
charcoal, for example, affords the corresponding dihydro methoxy intemnediates which 
were subsequently demethylaled using boron tribromide at 0«>C in methylene chloride 
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or 48% hydrogen bromide in acetic add at 80-IOOoC to afford target structures (1-7). 
These compounds are racemic and can be resolved irrto the enantiomers via high 
pressure liquid chromatography using a column with a chiral stationary phase like the 
Chiralcel OD columns. Alternately optical resolution can be carried out by 
5 recrystallization of the diastereomeric satts fomied with optically pure acids like 1.V- 
blnapthyI-2,2'-diyl hydrogen phosphate. 

The ds compounds (1-7) can be isomerized to the ^ compounds on 
treatment with base. 

When D and/or E is nitrogen the intemnediates (Fomiula II) and compounds of 
10 Formula I may be prepared from the corresponding dihaJopyridines or pyrimldines as 
Illustrated in Scheme 1 . 

The methyl ether of the compound of Fonnula I v^mere e=1. A=CH,. 
Z^=OCH,CH,. G= pyrrolidine. D.E. B=CH. Y=Ph can also be conveniently prepared 
by a first step of hydrogenation of nafoxidine (Upjohn & Co.. 700 Portage Road. 
15 Kalamazoo, Ml 49001) In a reaction inert solvent in the presence of a nobel metal 
catalyst. Pressure and temperature are not critical; the reaction is conveniently run in 
ethanol at room temperature for approximately 20 hours at 50 psi. 

The second step is deavage of the methoxy group which is accomplished 
conveniently at room temperature with an addle catalyst sudi as boron tribromide in 
20 a reaction Inert solvent or at 80-100»C with hydrogen bromide in acetic add. The 
product is then Isolated by conventional methods and converted to an add salt if 
desired. 
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SCHEriE 1 



18-crown-6 ^.g 



1-1 



0^ PY 



1. n-BuLi 



H,CO' 




PYR-HBrBrg rvy^N^ 



H3CO- 




1-6 



1-7 



4 
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Compounds of formula I wherein B Is nitrogen «ae prepared by the procedures 

Illustrated In Scheme 2 and 3. 

The synthesis of compounds of Fom^ula I where B=N is shown In Scheme 2. 
Aryl acid chlorides (2-1 ) on treatment with primary amines afford aryl secondary amides 

S (2-2) which are reduced with lithium aluminum hydride in ethereal solvents to yield 
secondary amines (2-3). Subsequent acylation of (2-3) with aroyi add chlorides leads 
to tertiary amides (2-4). which are cyclized in hot phosphonjs oxychloride to yield 
dihydro isoqulnoimium salts (2-5). Reduction with sodium borohydride to 
alkoxytetrahydro isoquinolines; followed by boron tribromide demethylation .n 

1 0 methylene chloride affords the target stnjctures. 

SCHEHE 2 

■"'^B(CH.,.COC. ^ ^"'O^BCCHp.COHHy 

C\ - CO. Lcr>-z^6 ^ 

^>^^R<CH2),CH2NY ^^s;^p(CH2).CH2NHY 

^ |P0C13 2-3 



25 




1) [H] 

2) BBr3 



Compound of Formula I 
B = Nitrogen 



2-5 



The synthesis of the compounds of Fom^ula I where B=N is also described 
30 belowin schemes. Secondary amines (3-1) on acylation with benzyloxyaroyi chlorides 
(3-2) afford tertiary amides (3-3) which on cyclization with hot phosphorous oxychloride 
yield dihydro isoquinoline salts (3^). Sodium borohydride reduction of (3-4) followed 
by debenzylation with aqueous hydrochloric acid affords isoquinolines (3-5). which are 
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alkylated with the appropriately functionalized chlorides and demethylated with boron 
tribromide to yield the desired target structures. 

SCHEME 3 



10 



20 



COCl 
E 



3-2 



3-1 



CHgCjHs 



3-3 ^ 



OH 




1) NaBH4 



OCHgCfcHg 



POCI3 



OCHgCfeHg 
CK^E 



RO-h 1 



3-5 



Y 2) HCl _ r^^^T^r^ 




RCH- I 



3-4 




C1CH2(CH2)„G 

0CH2(CH2)„G 
[r^E 

BBr, 



Compour^d of Formula I 



RO-h I 



•R- 
3-6 
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Other estrogen agonisVantagonlsts are described In U.S. Patent 4,133,814 (the 
disclosure of which is hereby Incorporated by reference). U.S. Patent 4.133.814 
discloses derivatives of 2-pheny|.3:aroyl-ben20thlophene and 2-phenyl-3- 
aroylbenzothiophene-l -oxide. 

Lednlcer. et al.. J- Med. Chem.. 12. 881 (1969) describe estrogen antagonists 
of the structure 



OR^ 



10 




CH30 

15 wherein Is phenyl or cyclopentyl and is H, 



or -CH^CHOHCHjOH. 

20 U.S. Patent No. 3,234,090 (the disclosure of which is hereby incorporated by 

reference) discloses estrogen agonist/antagonist of formula 
fir 



-1' 



R 



in v^ich Ph is a 1.2-phenyiene radical. Ar is a monocyclic carbocyclic aryi group 
substituted by tertiary amino-lower alkyl-oxy. in which tertiary amino is separated from 
oxy by at least two carbon atoms. R is hydrogen, an aliphatic radical, a cartjocydic aryl 
radical, a carbocyclic aryl-aliphatic radical, a heterocyclic aryl radical or a heterocyclic 
aryl aliphatic radical, the group of the fom^ula -(C„H^> stands for an unbranched 
alkylene radical having from three to five cartDon atoms and carrying the groups Ar and 
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R, salts, N-oxIdes, satts of N-oxides or quaternary ammonium compounds thereof, as 
well as a procedure for the preparation of such compounds. 

U.S. Patent No. 3,277,106 (the disclosure of which is hereby Incorporated by 
reference) discloses basic ethers with estrogen agonist/antagonist effects which are of 
5 the fonnula 

. — ^ Rr 



in which Ph is a 1 .2-phenylene radical, Ar Is a monocyclic aryl radical substituted by at 
least one amino-tower alkyl-oxy group in which the nitrogen atom is separated from the 
oxygen atom by at least two carbon atoms, R Is an aryl radical, and the portion 
-(C„Hj,^2)- stands for lower alkylene forming with Ph a six- or seven-membered ring, two 
of the ring carbon atoms thereof carry the groups Ar and R. salts, N-oxides, salts of N- 
oxides and quaternary ammonium compounds thereof. 

United States Patent No. 3,274,213 (the disclosure of which is hereby 
Incorporated by reference) discloses estrogen agonist/antagonist compounds of the 
formula 



< al koxy > 




25 wherein R, and R, are selected from the dass consisting of lower alkyi and lower alkyi 
linked together to fonn a 5 to 7 ring member saturated heterocyclic radical. 

The second compound of this Invention may be any compound as described 
below that augments bone mass to a level which is above the bone fracture threshold 
(as detailed in the Worid Health Organization Study Worid Health Organization. 

30 "Assessment of Fracture Risk and Its Application to Screening for Postmenopausal 
Osteoporosis (1994). Report of a WHO Study Group. Worid Health Organization 
Technical Series 843"). 
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Any prostaglandin, or prostaglandin agonist/antagonist may be used as the 
second compound of this invention. Those skilled In the art will recognize that sodium 
fluoride, parathyroid hormone (PTH), active fragments of parathyroid hormone, growth 
hormone or growth hormone secretagogues may also be used. The following 
6 paragraphs describe exemplary second compounds of this Invention in greater detail. 

Any prostaglandin may be used as the second compound of this invention. The 
term prostaglandin refers to compounds which are analogs of the natural 
prostaglandins PGD,, PGD,. PGE,, PGE, and PGFj a which are useful in the treatment 
of osteoporosis. These compounds bind to the prostaglandin receptors. Such binding 
10 is readily determined by those skilled In the art according to standard assays (e.g., An 
S. et al.. Cloning and Expression of the EPj Subtype of Human Receptors for 
Prostaglandin E,, Biochemical and Biophysical Research Communications, 1993, 
197(1):263-270). 

Prostaglemdins are alicydic compounds related to the basic compound 
15 prostanoic acid. The carbon atoms of the basic prostaglandin are numbered 
sequentially from the eart>oxyric carbon atom through the cydopentyl ring to the 
tenninal carbon atom on the adjacent side chain. Normally the adjacent side chains 
are in the trans orientation. The presence of an oxo group at C-9 of the cydopentyl 
moiety is indicative of a prostaglandin within the E class while PGEj contains a trans 
20 unsaturated double bond at the C„-C,4 and a ds double bond at the Cg-Cg position. 

A variety of prostaglandins are described and referenced below, however, other 
prostaglandins will be known to those skilled in the art. Exemplary prostaglandins are 
disdosed in U.S. patent nos. 4,171,331 and 3.927,197 (the disdosures of which are 
hereby incorporated by reference). 
25 Non-din et al., The Role of Prostaglandins in Bone In Vivo . Prostaglandins 

Leukotriene Essential Fatty Adds 41, 139-150. 1990 Is a review of bone active 
prostagleindins. 

Any prostaglandin agonist/antagonist may be used as the second compound 
of this invention. The term prostaglandin agonist/antagonist refers to compounds which 
30 bind to prostaglandin receptors (e.g., An S. et al.. Cloning and Expression of the EPj 
Subtype of Human Receptors for Prostaglandin E,, Biochemical and Biophysical 
Research Communications, 1993, 197(1):263-270) and mimic the action of 
prostaglandin in vivo (e.g.. stimulate bone fomiation and increase bone mass). Such 
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actions are readily determined by those skilled in the art according to standard assays 
(e.g., see Anabolic Agent Protocol described hereinafter and Eriksen E.F. et ai., Bone 
Histomorphometry, Raven Press, New York, 1994, pages 1-74; Grier SJ. et. al.. The 
Use of Dual-Energy X-Ray Absorptiometry In Apimals, Inv. Radiol., 1996, 31(1):50-62; 
5 Wahner H.W. and Fogelman I., The Evaluation of Osteoporosis: Dual Energy X^Ray 
Absorptiometry in Clinical Practice., Martin Dunitz Ltd.. London 1994, pages 1-296). 
A variety of these compounds are described and referenced below, however, other 
prostaglandin agonists/antagonists will be known to those skilled in the art. Exemplary 
prostaglandin agonists/antagonists are disclosed as follows. 

10 Commonly assigned U.S. pat. no, 3,932,389 (the disclosure of which is hereby 

incorporated by reference) discloses 2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-15- 
substituted-omega-pentanorprostaglandins useful for bone formation activity. 

Commonly assigned U.S. pat. no. 4.018,892 (the disclosure of which is hereby 
incorporated by reference) dtsdoses 16-aryl-13,14-dihydro-PGEj p-biphenyl esters 

15 useful for bone formation activity. 

Commonly assigned U.S. pat. no. 4,219,483 (the disclosure of which Is hereby 
Incorporated by reference) discloses 2,3,6-substituted-4-pyrones useful for bone 
formation activity. 

Commonly assigned U.S. pat. no. 4,132,847 (the disclosure of which is hereby 
20 incorporated by reference) discloses 2,3,6-5ubstrtuted-4-pyrones useful for bone 
formation activity. 

U.S. pat. no. 4,000.309 (the disclosure of which is hereby incorporated by 
reference) discloses 16-aryl-13,14-dihydro-PGEj p-biphenyl esters useful for bone 
formation activity. 

25 U.S. pat. no. 3,982,016 (the disclosure of which is hereby incorporated by 

reference) discloses 16-aryl-13,14-dihydro-PGEj p-biphenyl esters useful for bone 
formation activity. 

U.S. pat. no. 4,621,100 (the disclosure of which is hereby incorporated by 
reference) discloses substituted cydopentanes useful for bone formation activity. 
30 U.S. pat. no. 5,216,183 (the disdosure of which is hereby Incorporated by 

reference) discloses cyclopentanones useful for bone formation activity. 

Sodium fluoride may be used as the second compound of this invention. The 
term sodium fluoride refers to sodium fluoride in all its forms (e.g., slow release sodium 
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fluoride, sustained release sodium fluoride). Sustained release sodium fluoride is 
disclosed in U.S. pat no. 4.904,478, the dlsdosure of which is hereby incorporated by 
reference. The activity of sodium fluoride is readily detemwied by those skilled in the 
art according to biological protocols (e.g., see Anabolic Agent Protocol described 
5 hereinafter and Eriksen E.F. et al., Bone Histomorphometry, Raven Press, New Yotk, 
1994, pages 1-74; Grier S.J. et al., The Use of Dual-Energy X-Ray Absorptiometry In 
Animals, Inv. Radiol., 1996. 31{1):50-62; Wahner KW. and Fogelman I., The Evaluation 
of Osteoporosis: Dual Energy X-Ray Absorptiometry in Clinkal Practice., Martin Dunitz 
lid., London 1994, pages 1-296). 
1 0 Any parathyroid hormone (PTH) may be used as the second compound of this 

invention. The term parathyroid hormone refers to parathyroid hormone, fragments or 
metabolites thereof and structural analogs thereof wfilch can stimulate bone formation 
and increase bone mass. Such functional activity is readily determined by those skilled 
in the art according to standard assays (e.g., see Anabolic Agent Protocol described 
15 hereinafter and Eriksen E.F. et al., Bone Histomorphometry, Raven Press, New Yori<. 
1994, pages 1-74; Grier S.J. et. al.. The Use of Ojal-Energy X-Ray Absorptiometry In 
Animals, Inv. Radiol.. 1996, 31(1):50-62; Wahner H.W. and Fogelman I.. The Evaluation 
of Osteoporosis: Dual Energy X-Ray Absorptiometry in Clinical Practice., Martin Dunitz 
Ltd., London 1994. pages 1-296). A variety of these compounds are described and 
20 referenced below, however, other parathyroid hormones wia be known to those skilled 
in the art. Exemplary parathyroid hormones are disclosed in the following references. 

■Human Parathyroid Peptide Treatment of Vertebral Osteoporosis'. Osteoporosis 
Int. 3, (Supp 1):1 99-203. 

"PTH 1-34 Treatment of Osteoporosis with Added Hormone Replacement 
25 Therapy: Biochemical, Kinetic and Histological Responses' Osteoporosis Int. 1 : 1 62-1 70. 

Any growth hormone or growth hormone secretagogue may be used as the 
second compound of this invention. The term growth hormone secretagogue refers to 
compounds w/hich stimulate the release of growth homnone or mimic the action of 
growth hormone (e.g.. increase bone formation leading to Increased bone mass). Such 
30 actions are readily determined by those skilled In the art according to standard assays 
(e.g., as described hereinafter). A variety of these compounds are included in the 
following published PCT patent applications WO 95/14666; WO 95/13069; WO 
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,„ generate compo.ndsa.«-^nv^ .n nght c. des=Hp.on 

delude processes Kno«n U, «,e chem,=.. p»1. 

,5 conttdned herein. ^hods useful for maWnS «« """f*""^"" 

some of the prep-«on memods us*. 

,„„er.on,nayre,uirepro,ece^^---^^^^^ 

"ami.;e.carboxy.). ^--''*""°''^^^*.eprepa««o^■ne*ods. Theneedfor 
«,e remote func«onA-<'*;~"^\"^:'*^,r^*e T^e use o, such 

such pro.ec.on U reedlW -^^^2^^ ^ *^ ' ^ 

p^otecBon/deprotecUon me*ods » ,.w. Greene, ElSiecfiveG^ 

aescHp^onofprotecSnggroups-^*--. .^^^^^ 

*»-«»^» '^"'•''^t^ateoreadUy.va.Weorcanbeeasa, 
;;^;^^mpoundso.*««ve^=-^^^^^ 
« svrles.edW«^oses««ed.n«,e«tu^.n9»n«n^ 

p:ex«np.e.n»n,o..h. compound ^^t* ^ ^ ^ ^,«est „d 

,or example, prostaglandins. ^^^^ ^„ ..oms ».d 

Some of the compounds of th« m ^ be separated 

«,ere,or.areenantlomersord-.astereomers..>as, 
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by memcds known m ^ «W.e. by *roma.og«phy ^or fracUcna. 
L^^o.. En.n«c.e. «n be «p««ted by converting me en^^cmenc n^e 

, I,.. .=0.0,,, sepa«.ng *e diastereomers «^ conven>n, ''V^ *^ 

n<Ldua>dlas.ereom«sto1heco.espondingp an«ome„. AH »ome. 

Lding d.astereo™«, en»,1io™. and .Mures hereof »e cons,de,ed as part c, 

'™r:ugH .any compounds o, «s ,nven«on .« not ,on^-e . P«a, 
,0 cond^ons, sle o, *e cc.pc.nds c, «s .nven«cn are icn.ab.e M phy.o og.. 
IdMons. Thus..cr«<an,p.esc.eo,*.cc.pcunasc,«,,s,nvento„ar.aad^.^ 
«,ey<on.asaHv^aphannaceu«ca«y.coep,ab,eca«on.«,sucHs^^^^^^ 

, Jpe c, «s >nven«cn and 1hey can be prepared by "-"^^^J^^^l'^ 
example «,ey can be prepared simply by ccmacUng *e acidic and bas,c ent.es, 
,S :..Lb.c.etHcra«c..ne«herana<,uecus,non..uecuscrp^a.,ya,u^^ 

Jedlum as apprcprtate. The saHs are recovered eHher by m^. by pre»prta.cn 
1 n^n^oTentLcv^d by.«ra«on, by evapora^cn o, *e soKrent. or. in ^ 

of aqueous solutions, by lyopWIizallon, as appropiWe. 

,n addraon, some o. »e compounds of *ls invenUcn are bas,c. and they fom, 
^ asaHv*aphan™ceu«ca.lyacceptab.eanion.A«sucbsa..s.ev*lntHesco^^^^ 
,hislnven.lcnand,heycanbepreparedbyccnventiona.me.bods. ^"'^^■^ 
1 be prepared simply by contacSng the addle and bas^ entrt«s, usua.^. a 
ra«o, . e^ner an aqueous, non-aqueous or parti.ly '^^J^'^ 
as appropriate. The sans «e recovered either by «l.ra«on, by preaptafon »m a non 
^ roZ.:rilcv«dby««ra«on.byevapor..ono,thesoKent.or..n«,ecaseo,aque^^ 

solutions, by lyophillzation, as appropriate. 

in addLn. when me compounds of mis Invention torn, hydrates or solvates 

thev are also within the scope of the invention. 

Thepharmaceuticalcomblnatlonsandmethodsofthls-.vent.onarea.lada^.ed 

30 ,0 therapeutic use as agents that etther activate bone turnover or prevent b^e 
lrpJnorincreasebcne,onna.onlnmammais.p».cu.artyhum»,s.S.^^^^^^^^^ 

funlns are closely related to the development of osteoporos,s and bone related 
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disorders.these combinations, byvirtue of thelracnion on bone.preve^ 

or reverse osteoporosis. . *». 

Th, u«.ity of *e compounds of the pr««.t invention » medie^ «g«nt. », live 
«atn,ent of oondiSon. which pr.s«. ^ low bone mess (e.g., »^~P°~"^> ^ 
5 m«nm^s (e.g. humans. p»rtcul«ly .he femde) is demonstrated by «,e actMty of the 
I7Js:;this^ven«on^conven,.n.ass.,s«Kf«,e!a^-^!r^^^^^^ 
Tes^bed beiow (COMBINATION AND SEQUENTIAL TREATMENT PROTOCOU 
Er^OGENAGONiST/ANTAGONiSTPBOTOCOUANABOUC AGENT PROTOCOL^ 
V^O ESTROGEN RECEPT0RB.ND.NGASSAY;ANDGR0WTH HORMONE/GROWTH 

,0 HORMONE SECRETAGOGUE PROTOCOU. Such essays i-so P">^JJ^ 
thereby «,e ac«vnies of the compounds of inven^on c«. be compered b^n 
TemseLs and wim the aciivities of other kno«n compounds. The results of these 
Ilmpartscns are usefu. for detem,ining dosage isveis in mamma,s,in.udinghum^ 

for the treatment of such diseases. „„_, 
.^>.n,M.T,r.K. AND crni irrm" T""--"""^ PROTOCOL 
Thefollowingprotocolscanofcoorsebevartedbythoseskiliedlntheart. For 

example. Urtact male orfemaie r«s. sex hom,one defiden. maie (°'*'''-*'"«;; 
.emaie (ovaHectomy, rats may be used. In addition, male or female rats at a^e^ 
.ges (s ch as 12 months of age, can be used In th. studies. The "^J^^ 
.0 l„lctorcastrated(ovaHectom,zedororchideao,.^ed,,andadm.^edwnha™b^^^^^^ 

agents such as prostaglandin E2 (PGE2) at different doses (such es 1, 3 or 6 
:tia;.or.L,t.npeHod (such asf-oweeKstot^o months,, and followed by 

:mtstr;^onofanant^o^.9entsuch.sdrolox«ene.d.e^^^^^^^ 

as 1.S,10 mg/Kg/day, for a certain period (such as t«o weeKs to t«o mo,*s^ or . 

comblna^on treatment with both »»bonc agent and '^^1°'^'^^^"^ 

doses for a certain period (such as two weeKs to two months,. 

Ueatment can be started at the next day aher surgery (for the purpose of prevent>ng 

bone loss) or a, the time bone loss has already occuned (for the purpose of restonng 

30 ""^Tefonowlng protocol ere descn.ed as using PGE. as the bone an^olic 
.gent and droloxHene as the an«resorp«ve agent, however, other anaboLc agents and 
antirescrptive agents may be tested In th. protocol. 
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Three months post-surgery. OVX rats receive eiin . prp 3 

. . .n.nt «t 3 ma/kg/day (subcutaneously Injection), or PGE, at 3 

,cranomerone««.aheHmonms«sdes=dbedlnth.fo11o^g. 

Group l: Eight mts.re.utopsled at mo,rthO«b»salcont«ls 
,0 Lp>,:Elh,sH»n,.pera.edra.a™.u.ops>ed-mcn«,3«pr^ea..en. 

"""°'Lup,,,:BgMsH«n.pe.a.ed«Ua,eo,a,,v.rea,edw«hve«eOO^ 

rp::::r::r:::i^:::--o.e....s.. 
- prrc^rrs^rL^Me..^ 

PGE2frommor<ths3to6,mdautopsie<iatmonth6. 

— 3tc6.«,dvehi=.e1rom6t,6.5.onU,s.«.d».e„.u.=ps.ed«.onm 

(VoupX:Bgh.OVXra.»esubcu,aneous,yNec.edwm.3.g^^d.,c^^^^^^ 
^.™nJ3.o5.»,d10n,g/Kg/dayc,DBOor.ly.ro.S,o6.S.on*s,«,d«,en 

« .. months 3 to 5. and vehicle from months 
PGE2 and 10 mg/kg/day of DRO orally from months 

5 to 6.5, then autopsied at month 6.5. 
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Group m Eigh, OVX rats .ubcu.»,eous^ N^Ced '^^"^^"'Vo. 
PGE2 10 mg/Kg/aay C DHO o.a«y Iro. n,o„*. 3 .o 5, «,d DRO -one *on, 

BotnK^tu:v y ^K.«d In 100% ethanol and further diluted with saline 

rolrLer,S,g.aC.e^c,.Co.St.LouisMO).we.e«.d.wodavs.e,o,edea«,.o 

(Holoalc Inc.. WaJtham, MA). The scan field size Is 5.08 x i.« 
rrxO.oaTc.-.dscanspeed.r^^Wsecond.The.e.c'^^^^ 

"Le .emo« (WF), d,s«. .«noral me^hyse. (DFM). .e,nc«. shaft (FS), ^ 

20 proximal femora (PF) _„„,„,^x«y absorp«om*y (QDR 
1,111 Vi 111 III I.I nrn- "•■ IM°""'^""«^- D"°'«"»'gy''-"' *' _^ 
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L.ned U, acetoae, «,en embedded in n,*,. rr.^e ^^^^^ 

^ Wckness CO, using Reichert^ng Poiycu, S microto... One 4 -^-'J^ 
S sedicns from .ach n. is us«i ter c»«.«ous bone Ws.cmon.hon,*y. Th. 4 ^ 
CcBons . stained -nodi«ed Masscn. TrtCro^ sU*, w.i.e me ,0 pn, seCons 

"'"'"tBCr0S,.Hi.on,o^Hcn.e.^sv.en.,R»Mb^a«cs.^ 

,s used .o,*es,a«c and dynan^i>is.cn,crphon,e,ricmeasu,emen^o.*e se»n^^ 

,0 spcngiosa o, ^ proxin,^ *>ai meUphyses be^«een 1^ and 3.6 mm d,s.a^ to me 
,Chpia.«piphyseaiiuncUon, The «rs. 1.2 mm o. me libial metaphysea. reg,on 
be omLd in order .o re^C measurement .o me seoondary sponges. 
Z l ^ secUons are used .o de.em,ine indices reiated ,o bone voiume bone 
:::l'randboneresorption,wH.eme,0^sec«onsareusedtode.enn,ne.d,c. 

15 reiated to bone fomialion and bone turnover. . «„,rfure- 

,. Total metaphyseal area CW. mm'): metaphyseal «e. be*«een 1.2 and 
3.6 mm distal to me growmplate^lpliyseal junction. 

2 Trabecular bone area (BV. mm=): total area of trabecuiae wrthm TV. 
20 3. Trabecular bone penmeter (BS, mm): me lengm o. total penmeter o. 

trabecuiae. 

4 Trabecular bone volume (BV/IV, %): BV / TV x 100. 
6 Trabecular bone number (TBN, #/mm): 1.199 / 2 x BS / TV. 
6 Trabecular bone micKness (TBT, pm): (2000 / 1.199) x (BV / BSV 
25 7 Trabecular bone separation (TBS, ,m.): (2000 x 1.199) x (TV - BV). 

, ..-^ .nd ------ -I"-" to hone resorptK^n: 

1. osteoclast number (OCN, 7): total number o. osteoda^ w*,n total 

■"^'"To'rit penmeter (OCP, mm,: lengm ot trabecular peHmeter covered by 

30 osteoclast. 

3 osteoclast number/mm (OCN/mm, #/mm): OCN / BS. 
4'. Percent osteoclast perimeter (%OCP, %): OCP / BS x 100. 



PCT/IB96/01462 



y. M.,..,rompnt^ >,nd calculP^«^»^ r^»t^d to bone formntion and tumoven 

1. Singie-calcein labeled perimeter (SLS. mm): total length of trabecular 
perimeter labeled >with one calcein label. 

2. DoubleKjalceIn labeled perimeter (DLS. mm): total length of trabecular 
5 perimeter labeled with two calcein labels. 

3. Inter-labeled width (ILW. urn): average distance between two calcein labels. 

4. Percent mineralizing perimeter (PMS. %): (SLS/2 + DL5) / BS x 100. 
5 Mineral apposition rate (MAR. /mVday): ILW / label inten^al. 

6. Bone fom^ation rate/surface ref. (BFR/BS. /nn»/d//nn): (SLS/2 DLS) x MAR 

7. Bone turnover rate (BTR.%/y): (SLS/2 + DLS) X MAR/ BVx 100. 
Statistics 

Statistics can be calculated using StatView 4.0 packages (Abacus Concepts. 
Inc.. Beri^eley. CA). The analysis of variance (ANOVA) test followed by Fisher's PLSD 
15 can be used to compare the differences between groups. 

py^TROGEN AGON»y^T/AfJTAGON tST PROTOCOL 
Estrogen agonist/antagonists are a class of compounds which inhibits bone 
turnover and prevents estrogen-deficiency induced bone loss. The ovariectomlzed rat 
bone loss model has been widely used as a model of postmenopausal bone loss. 
20 Using this model, one can test the efficacy of the estrogen agonisVantagonist 
compounds in preventing bone loss and inhibiting bone resorption. 

Sprague-Dawley female rats (Charies River. Wilmington. MA) at different ages 
(such as 5 months of age) are used In these studies. The rats are singly housed in 20 
cm X 32 cm X 20 cm cages during the experimental period. All rats are allowed free 
25 access to water and a pelleted commercial diet (Agway ProUb 3000. Agway County 
Food. inc.. Syracuse, NY) containing 0.97% calcium. 0.85% phosphorus, and 1 .05 lU/g 
of Vit.D3 

A group of rats (8 to 10) are sham-operated and treated p.o. with vehicle (10% 
ethanol and 90% saline. 1 ml/day), while the remaining rats are bilaterally 
30 ovariectomized (OVX) and treated with either vehicle (p.o.). 17^^stradiol (Sigma. E- 
8876 E,. 30 ^g/kg. daily subcutaneous injection), or estrogen agonisVantagonists 
(such as droloxifene at 5, 10. or 20 mg/kg. daily p.o.) for a certain period (such as 4 
weeks) All rats are given subcutaneous injections of lOmg/kg calcein (fluorochrome 
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bone marker) 12 and 2 days before being sacrificed m order to examine tt,e dynamic 
changes in bone Sssue. After 4 weeks of treatment, the rats are autopsied. The 
following endpoints are determined: 

a„rfvWelohtGain: body weight at «rtopsy minus body weight at surgenf. 
S »..,,,h>.nHHMoloov: The utems Is removed from each rat during autopsy, 

and weighed immediately. Thereafter, the utenis is processed for histologic 
measurements such as uterine cross^eobonal tissue area, stromal thickness, and 
luminal epithelial thickness. 

T„.., <^.^ nholesterol: Blood Is obtained by cardiac puncture and allowed to dot 
10 at 4-C and then centrifuged at 2.000 g for 10 mln. Senim samples are analyzed for 
total semm cholesterol using a Wgh periom,ance cholesterol calorimetHc assay 
(Boehringer Mannheim Biochemicals. Indianapolis, IN). 

. Mineral M...„rpments-. The right femur from each rat is removed « 

autopsy «id seined using dual energy x«y absorptiometry (DEXA, QDR 1000/W, 
15 Hoiogic inc., Waltham, MA) equipped with -Regional High Resolution Scan" software 
(Hologlc inc.. Waltham, MA). The scan field size is 6.08 x 1.902 cm, resolution U 
0 02S4 X 0.0127 cm and scan speed is 7.2S mm/second. Thefemoral scan images are 
analyzed and bone area, bone mineral content (BMC), and bone mineral density (BMD) 
„, «hoie femora (WF). distal femoral metaphyses pFM), femoral shaft (FS), «k1 
20 proximal femora (PF) is detennined 

o,„,„.. T,Ki.i M^iaohr-' ^ Hi^omnn^hnmelric Analyses: The nght 

tibia IS removed at autopsy, dissected free of musde, and cut into three parts. The 
proximal tibia is fixed in 70% ethanol, dehydrated In graded concentraiions of ethanol, 
defatted in acetone, then embedded in methyl methacrylate (Eastman Organic 
25 Chemicals. Rochester, NY). Frontal sections of proximal tibial metaphyses at 4 »,d 10 
^ thickness are cut using Reichert Jung Polycut S mfcrotome. One 4 ;«n and one 10 
^ sections from each rat are used for cancellous bone histomorphometry. The 4 ^ 
sections are stained with modified Masson's Trichrome stain while the 10 ^ sections 

remained unstained. ^ „, twi 

30 ABioquantOS/2histomorphometrysystem(R&Mbiometncs,lnc.,Nashvnie,TN) 

used forthe static and dynamic histomorphometric measurements of the secondary 
spongiosa of the pro=dmd Ubi^ metaphyses between 1.2 and 3.6 mm distal to the 
g„wth plate^epiphyseai junction. The «rst 1.2 mm of the tibial metaphyseal reg,on ,s 
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omitted in order to restrict measurements to the secondary sponglosa. The 4 /mi 
sections are used to determine indices related to bone volume, bone structure, and 
bone resorption, while the 10 /mi sections are used to determine Indices related to 
bone formation and bone turnover. 
5 I Mpasurementfi and calculatinns related to trabecular bone volume and structure: 

1. Total metaphyseal area fTV. mm'): metaphyseal area between ^^ and 3.6 
mm distal to the growth plate-eplphyseal Junction. 

2. Trabecular bone area (BV. mm'): total area of trabeculae within TV. 

3. Trabecular bone perimeter (BS. mm): the length of total perimeter of 
10 trabeculae. 

4. Trabecular bone volume (BV/TV. %): BV / TV x 100. 

5. Trabecular bone number (TBN, #/mm): 1.199 / 2 x BS / TV. 

6. Trabecular bone thickness (TBT. /mi): (2000 / 1 .1 99) x (BV / BS). 

7. Trabecular bone separation (TBS. /mi): (2000 x 1.199) x (TV - BV). 
15 II, Measurements and calMilations rela ted to bone resorption: 

1. Osteoclast number (OCN. #): total number of osteoclast within total 
metaphyseal area. 

27dst^clast periSieter (OCP. mm): length of trabecular perimeter covered by 



3. Osteoclast number/mm (OCN/mm, #/mm): OCN / BS. 

4. Percent osteoclast perimeter (%OCP. %): OCP / BS x 100. 

ill Measurements and calculations relat ed to bone fomiation and turnover: 

1. Single-calcein labeled perimeter (SLS. mm): total length of trabecular 
perimeter labeled with one calcein label. 

2. Double-calcein labeled perimeter (DLS. mm): total length of trabecular 
perimeter labeled with two calcein labels. 

3. Inter-labeled width (ILW, nm): average distance between two calcein labels. 

4. Percent mineralizing perimeter (PMS. %): (SLS/2 + DLS) / BS x 100. 

5. Mineral apposition rate (MAR. /mi/day): ILW / label inten/al. 

6. Bone formation rate/surface ref. (BFR/BS. /mi'/d//mi): (SLS/2 + DLS) x MAR 

/BS. 

7. Bone turnover rate (BTR. %/y): (SLS/2 + DLS) x MAR / BV x 100. 



osteoclast. 
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'^...s.cs c^c-ated using StMView 4.0 p«K.ges (A^'^ ^7-7^'"- 
BerKe,ev. CA). "me c, v^ance (ANOVA, t«. .o«owed by F>she.s PLSD » 

used to compare the differences between groups. 

^M.Bni If! AG g>JT PROTOCOL 
The .cavity o. »,abolic bone agents In ..mutating bone .onnaton and 
Increasing bone mass can be tested ,n U«aot m.., or .emai. rats, sex hom,one 
deficient male (orchldectomy) or lemale (ovariectomy) rats. 

Maleoiemaleratsatdmerentagesfsuchasamonthsotage,^^ 
,0 study Thera.sar,em,er-.tac.orcastra.ed(ovanectomlzedo,orch.dectom, ed...d 

10 study. „a„y«ated with anabolic agents .uch as prostaglandin 

subcutaneously in,ec.ed or or^^e ^ ^ ^^^^ ^^^^ 

E2 (PGE2) at different doses (such as 1 . 3. or o mg/ «/ 7/ 

,02—. .n the castrated rats, treatmen.lss,anedM«,enex, day afte^ 

^2HarianTeK,ad..Madison.W,,containing1..e*calclum,0.gg%phosphorus.n^ 

o. V.t.D,. All rats are given subcutaneous miedons o, 10 mg/Kg orcein on 

days 12 and 2 belore saetifice. 
20 The rats are sacniiced. The following endpomts are detem,»«d 

o. Le temora {WF). distal temoral metaphyses pFM,. .emoral sha« ,FS), and 
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1 0 /im thickness are cut using Relchert-Jung Polycut S microtome. One 4 /mi and one 
10 tm\ sections from each rat are used for cancellous bone Wstomorphometry. The 
4 /mi sections are stained with modified Wesson's Trichrome stain while the 10 /mi 
sections remained unstained. 

5 A Bioquant OS/2 histomorphometry system (R&M biometrics .Inc., Nashville, TN) 

Is used for the static and dynamic histomorphometric measurements of the secondary 
spongiosa of the proximal tibial metaphyses between 1 .2 and 3.6 mm distal to the 
growth plate-epiphyseal junction. The first 1.2 mm of the tibial metaphyseal region are 
omitted In order to restrict measurements to the secondary spongiosa. The 4 /mi 

10 sections are used to determine indices related to bone volume, bone structure, and 
bone resorption, while the 10 /mi sections are used to determine indices related to 
bone formation and bone turnover. 

I Measurements and calculations related to trabecu lar bone volume and structure: 

1. Total metaphyseal area (TV, mm*): metaphyseal area between 1.2 and 
15 3.6 mm distal to the growth plate-epiphyseal Junction. 

2. Trat>ecular bone area (BV, mm*): total area of trabeculae within TV. 

3. Trabecular bone perimeter (BS, mm): the length of total perimeter of 
trabeculae. 

4. Trabecular bone volume (BV/TV, %): BV / TV x 100. 

20 5. Trabecular bone number (TBN, #/mm): 1 .1 99 / 2 x BS / TV. 

6. Trabecular bone thickness (TBT. /mi): (2000 / 1 .199) x (BV / BS). 

7. Trabecular bone separation (TBS. /mi): (2000 x 1.199) x (TV - BV). 
11. Measurements and calculations related to bone resorption: 

1. Osteoclast number (OCN, #): total number of osteoclast within total 
25 metaphyseal area. 

2. Osteoclast perimeter (OOP, mm): length of trabecular perimeter covered by 
osteoclast. 

3. Osteoclast number/mm (OCN/mm, #/mm): OCN / BS. 

4. Percent osteoclast perimeter {%OCP. %): OOP / BS x 100. 

30 HI. Measurements and calculations related to bone formation and turnover 

1. SIngle-calcein labeled perimeter (SLS. mm): total length of trabecular 
perimeter labeled with one calcein label. 
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2. Doubl««.«in labeled perimeter (DIS. mm): total length of trabecular 
perimeter labeled with two caloein labels. ■ 

3 ln.er.abei«i widm (lUW.pm): average distance between two oalce.n labels. 

4 Percent mineralizing perimeter (PMS, %): (SlB/2 + DLS) / BS x 100. 

5 Mineral apposiUon rate (MAR. ,m./day): ILW / label Inten-al. 

6. Bone .om,a«on rate/surface ref. (BFFVBS.^Vd/pm): (SIS« + DIS) x MAR 

' ^' 7. Bone turnover rate (BTR, Wy): (StS« + x MAR / BV x 100. 

^^.a^stics are calculated using StaJView4.0 packages (Abacus Concepts, Inc., 
Berkeley, CA). The analysis of variance (ANOVA) test loliowed by Bshe^s PISD ,s 
used to compare the differences between groups. 

iKi x/n-pn FSTRO '^f " HFnFPTOR BINDING ASSAY 
Aninvnro estrogen receptor binding assay, which measures the ability of *e 
; estrogen agonlsVanUgonist compounds of me pres«.t InvenSon to displace pHl- 
:^iolJmhumanes.rogenreceptorobtainedbyrecombinantmethods.nyea^» 

„sed to detem,ine the estrogen receptor binding a.«n«y of the compounds of th« 
Lention. The materials used in this assay are: (1,Assaybuf.er,TD..^conU^^^ 
Mm Tris.pH7.S,0.3Mpotassium Chloride andSmMDithiothre,to,(DTT,(S,gma<^ 
0 pH 7 6, (2) The radoligand used Is l3H,^diol obtained from New Er^land 
Nu J; (3) le cold ligand used is estradiol obtained from Sigma (4, recomb.nant 
human estrogen receptor. hER. ^. ^Kii.*^.nMen 

A solution of the compound being tested is prepared .n ^ 4% DMSO 

and 16% ethanol. The tritiated estradiol is dissolved In such that the fir,a^ 

• *u .«„ «einM The hER is also diluted with TI3-0.3 such that 4-10 
>5 concentration in the assay is 5nM. The ntM is a. ^ . ^ , «^«iuoc 

... ^,-^«.«^/w,fiIt Usinamicrotitre plates, each incubate receives 

-:;:;rrd;:iCrp:i«orthecom^^^^^ 

«.,ed estrado. and 30 ul of hER solutions. Each plate contains ,n tnpUcate tot^ 
binding and varying concentrations of the compound. The plates are .ncubated 
30 overnight M 4-0. The binding reaction is then tem.inated by the addifon «,d mocng 
30 ovemigma ,n mM tris dH 7.6 and incubation for 15 minutes 

of100mLof3%hydroxylapatitelnl0mMtns,pn/.o «^,„th,™w 
a, 4-C The mixtures are oentrtU^ged and «,e pe«e. washed four tmes w«h 1% Tnton- 
X100 in 10 mM Tris. pH 7.6. The hydroxylapatlte pellets are suspended in Ecoscn. A 
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and radioactivity Is assessed using beta scintigraphy. The mean of all triplicate data 
points (counts per minute, cpm's) is detennined. Specific binding is calculated by 
subtracting nonspecific cpm's (defined as counts that remain following separation of 
reaction mixture containing recombinant receptor, radioligand, and excess unlabeled 
5 ligand) from total bound cpm's (defined as counts that remain following the separation 
of reaction mixture containing only recombinant receptor, radioligand). Compound 
potency is determined by means of IC50 detenninations (the concentration of a 
compound needed to inhibition 50% of the of the total specific tritiated estradiol bound). 
Specific binding in the presence of varying concentrations of compound is determined 
1 0 and calculated as percent specific binding of total specific radioligand bound. Data are 
plotted as percent Inhibition by compound (linear scale) versus compound 
concentration (log scale). 

nROmH HORMONF/GROWTH H ORMONE SECRETAGOGUE PROTOCOL 
Compounds that have the ability to stimulate GH secretion from cultured rat 
15 pituitary cells are identified using the following protocol. This test is also useful for 
comparison to standards to determine dosage levels. Cells are isolated from piturtaries 
of 6-week old male Wistar rats. Following decapitation, the anterior pituitary lobes are 
removed into cold, sterile Hank's balanced salt solution without calcium or magnesium 
(HBSS). Tissues are finely minced, then subjected to two cycles of mechanically 
20 assisted enzymatic dispersion using 10 U/mL bacterial protease (EC 3.4.24.4. Sigma 
P-6141) in HBSS. The tissue-enzyme mixture is stirred in a spinner flask at 30 rpm in 
a 5% C02 atmosphere at about ST^C for about 30 min, with manual trituration after 
about 1 5 min and about 30 min using a 1 0-mL pipet. This mixture is centrifuged at 200 
X g for about 5 min. Horse serum Is added to the supernatant to neutralize excess 
25 protease. The pellet is resuspended In fresh protease, stirred for about 30 min more 
under the previous conditions, and manually triturated, ultimately through a 23-gauge 
needle. Again, horse serum is added, then the cells from both digests are combined, 
pelleted (200 x g for about 15 min), washed, resuspended in culture medium and 
counted. Cells are plated at 6.0^.5x104 cells per cm' in 48-well Costar dishes and 
30 cultured for 3^ days in Dulbecco's Modified Eagle Medium (DrMEM) supplemented with 
4.5 g/L glucose. 10% horse serum. 2.5% fetal bovine serum. 1% non-essential amino 
acids. 100 U/mL nystatin and 50 mg/mL gentamycin sulfate before assaying for GH 
secretion. 
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Just prior to assay, culture wells are rinsed twice, then equilibrated for about 30 
minutes in release medium (D-MEM buffered with 25 mM Hepes, pH 7.4 and containing 
0.5% bovine serum albumin at 37® C). Test compounds are dissolved in DMSO, then 
diluted into pre-warmed release medium. Assays are run in quadnjplicate. The assay 
5 is initiated by adding 0.5 mL of release medium (\Adth vehicle or test compound) to each 
culture well. Incubation Is carried out at about 37^ C for about 15 minutes, then 
terminated by removal of the culture medium, which is centrifuged at 2000 x g for about 
15 minutes to remove cellular material. Rat growth hormone concentrations in the 
supematants are determined by a standard radioimmunoassay protocol using a rat 

10 growth homnone reference preparation (NIDDK-fGH-RP-2) and rat growth hormone 
antiserum raised in monkey (NIDDK-anti-rGH-S-5) obtained from Dr. A. Pariow (Harbor- 
UCLA Medical Center, Tonence, CA). Additional rat growth hormone (1.5U/mg, 
#G2414, Scripps Labs, San Diego, CA) is iodinated to a specific activity of 
approximately 30 //Cl///g by the chloramine T method for use as tracer. Immune 

1 5 complexes are obtained by adding goat antiserum to monkey IgG (Organon Teknika, 
Durham, NC) plus polyethylene glycol, MW 10,000-20,000 to a final concentration of 
4.3%; recovery is accomplished by centrifugation. This assay has a worthing range of 
0.08-2.5 //g rat growth hormone per tube above basal levels. Active compounds 
typically stimulate growth hormone release by greater than 1 .4 fold. Reference: Cheng, 

20 K., Chan, W.-S., Barreto, Jr., A., Convey, E.M., Smith, R.G. 1989. 

Assay for Exooenouslv-Stimulated Growth Honnone Release in the Rat after Intravenous 
Administration of Test Compounds 

Twenty-one day old female Sprague-Dawley rats (Charies River Laboratory, 
Wilmington, MA) are allowed to acclimate to local vivarium conditions (24 ^C, 12 hr 

25 light, 12 hr dark cyde) for approximately 1 week before compound testing. All rats are 
allowed access to water and a pelleted commercial cfiet (Agway Country Food, 
Syracuse hm ad libitum . 

On the day of the experiment, test compounds are dissolved in vehicle 
containing 1% ethanol, 1mM acetic acid and 0.1% bovine serum albumin in saline. 

30 Each compound Is tested with n=3. Rats are weighed and anesthetized via 
intraperitoneal injection of sodium pentobarbital (Nembutol, 50 mg/kg body weight). 
Fourteen minutes after anesthetic administration, a blood sample is taken by nicking 
the tip of the tail and allowing the blood to drip into a microcentrifuge tube (baseline 
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blood sample, approximately 100 //I). Fifteen minutes after anesthetic administration, 
test compound is delivered by intravenous injection into the tail vein, with a total 
injection volume of 1 ml/kg body weight. Adcfitional blood samples are taken from the 
tall at 5. 10 and 15 minutes after compound administration. Blood samples are kept 
5 on ice until serum separation by centrifugation (1430 x g for 10 minutes at WC). 
Serum Is stored at -eO^C until serum growth hormone determination by radio- 
immunoassay as described above and below. 

Assessment of Exoqenouslv-Stimulated Growth Hormone Release in the Dog after Oral 
Administration 

10 On the day of experimentation, the test compound Is weighed out for the 

appropriate dose and dissolved in water. Doses are deftvered at a volume of 0.5 ml/kg 
by gavage to 4 dogs for each dosing regimen. Blood samples (2 ml) are collected from 
the jugular vein by direct vena puncture pre-dose and at 0.08, 0.17, 0.25, 0.5, 0.75, 1 , 
2, 4, 6, and 8 hours post dose using 2 ml vacutainers containing lithium heparin. The 

15 prepared plasma is stored at -20 "C until analysis. 
Measurement of Canine Growth Hormone 

Canine growth hormone concentrations are determined by a standard 
radioimmunoassay protocol using canine growth hormone (antigen for iodinalion and 
reference preparation AFP-1983B) and canine growth hormone antiserum raised in 

20 monkey (AFP-21 452578) obtained from Dr. A. Pariow (Harbor-UCLA Medical Center, 
Tonence, CA). Tracer is produced by chloramine T-lodination of canine growrth 
homnone to a specific activity of 20-40 //Ci///g. Immune complexes are obtained by 
adding goat antiserum to monkey IgG (Organon Teknika, Durtiam, NC) plus 
polyethylene glycol, MW 10,000-20,000 to a final concentration of 4.3%; recovery is 

25 accomplished by centrifugation. This assay has a working range of 0.08-2.5 //g canine 
GHAube. 

Administration of the compounds of this invention can be via any method which 
delivers a compound of this invention systemically and/or locally. These methods 
include oral routes, parenteral, intraduodenal routes, etc. Generally, the compounds 
30 of this invention are administered orally, but parenteral administration (e.g., intravenous, 
intramuscular, subcutaneous or intramedullary) may be utilized, for example, where oral 
administration is inappropriate for the Instant target or where the patient is unable to 
ingest the dnjg. The two different compounds of this invention can be co-administered 



wo 97/31640 S W PCT/IB96/01462 



simultaneously or sequentially in any order, or a single pharmaceutical composition 
comprising a first compound as described above and a second compound as 
described above in a pharmaceutically acceptable carrier can be administered. 

For example, the bone anabolic agent can be used alone or in combination with 
5 an anti-resorptive agent for three months to three years, followed by an anti-resorptive 
agent alone for three months to three years, with optional repeat of the full treatment 
cyde. Attemativety, for example, the bone aneibolic agent can be used alone or in 
combination with an anti-resorptive agent for three months to three years, followed by 
an anti-resorptive agent alone for the remainder of the patient's life. For example, in 

10 one preferred mode of administration a second compound as described above (e.g., 
PGE,) may be administered once dally and a first compound as described above (e.g., 
estrogen agonist/antagonist) may be administered daily in single or multiple doses. 
Alternatively, for example, in another preferred mode of administration the two 
compounds may be administered sequentially wherein the second compound eis 

15 described above (e.g., PGEj) may be administered once daily for a period of time 
sufficient to augment bone mass to a level which is above the bone fracture threshold 
(Worid Health Organization Study "Assessment of Fracture Risk and its Application to 
Screening for Postmenopausal Osteoporosis (1994), Report of a Worid HeeJth 
Organization Study Group. Worid Health Organization Technical Series 843') followed 

20 by administration of a first compound, as described above (e.g., estrogen 
agonist/antagonist), d8dly in single or multiple doses. H is preferred that the second 
compound as described above (e.g., PGE,) is administered once daily In a rapid 
delivery form such as oral delivery (e.g., sustained release delivery form is preferably 
avoided). 

25 In any event the amount and timing of compounds administered will, of course, 

be dependent on the subject being treated, on the severity of the affliction, on the 
manner of administration and on the judgement of the prescribing physician. Thus, 
because of patient to patient variability, the dosages given below are a guideline and 
the physician may titrate doses of the drug to achieve the activity (e.g., bone mass 

30 augmentation) that the physician considers appropriate for the individual patient. In 
considering the degree of activity desired, the physician must balance a variety of 
factors such as bone mass starting level, age of the patient, presence of preexisting 
disease, as well as presence of otfier diseases (e.g., cardiovascular). For example, the 
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co- 
administration of an estrogen agonist/antagonist can provide cardiovascular benefits 
particularly, for post-menopausal women. The following paragraphs provide preferred 
dosage ranges for the various components of this invention. 

The amount of the anti-resorptive agent to be used is determined by its activity 
5 as a bone loss inhibiting agent. This activity is determined by means of an individual 
compound's pharmacokinetics and Its minimal maximal effective dose in inhibition of 
bone loss using a protocol as described above (ESTROGEN AGONIST/ANTAGONIST 
PROTOCOL). 

In general an effective dosage for the activities of this invention, for example the 
10 bone resorption activities of this Invention, for the first compounds of this invention is 
in the range of 0.01 to 200 mg/kg/day, preferably 0,5 to 100 mg/kg/day. 

In particular, an effective dosage for droloxifene is in the range of 0.1 to 40 
mg/kg/day, preferably 0.1 to 5 mg/kg/day. 

In particular, an effective dosage for raloxifene is in the range of 0.1 to 100 
15 mg/kg/day, preferably 0.1 to 10 mg/kg/day. 

In particular, an effective dosage for tamoxifen is in the range of 0.1 to 100 
mg/kg/day. preferably 0.1 to 5 mg/kg/day. 
In particular, an effective dosage for 

Cjs-6-f4-fluoro-phenvf>-5-f4-(2-piperidin-1-yl-ethoxy)-phenyl]-5.6.7,8-tetrahydro- 

20 naphthalene-2-ol; 

(-)-Cis-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro- 
naphthaIene-2-ol; 

Cis-6-phenyl-5-[4-(2-pyrrolldin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro- 
naphthalene-2-ol; 

25 cis-1-r6'-pvrrolodinoethoxy-3'-pyridyl]-2-phenyl«6-hydroxy-1 ,2.3,4- 

tetrahydrohaphthalene; 

1.(4'.Pyrrolidinoethoxyphenyl)-2-(4'-fluorophenyl)-6-hydroxy-1, 2,3,4- 
tetrahydroisoquinoline; 

Cis-6-{4-hydroxypheny!)-5-[4-{2-piperidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydro- 
30 naphthalene-2-ol; or 

1 -{4 -Pyn-olidinolethoxyphenyl)-2i3henyl-6-hydroxy-1 .2,3,4-tetrahydroisoquinoline. 
is in the range of 0.0001 to 100 mg/kg/day, preferably 0.001 to 10 mg/kg/day. 
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In particular, an effective dosage for 4-hyclroxy tamoxifen is in the range of 
0.0001 to 100 mg/kg/day, preferably 0.001 to 10 mg/kg/day. 

in general an amount of a bone anabolic agent (e.g., PGE,) Is used that is 
sufficient to augment bone mass to a level which is above the bone fracture threshold 
5 (as detailed in the World Health Organization Study previously cited herein). 

In general an effective dosage for the bone anabolic agent described above is 
in the range of 0.001 to 100 mg/kg/day, preferably 0.1 to 10 mg/kg/day. 

in particular, an effective dosage for PGE, is in tiie range of 0.001 to 10 
mg/kg/day, preferably 0.01 to 1 mg/kg/day. 
10 In particular, an effective dosage for 3S-(3-Hydroxy-4-phenyl-butyl)-2R-[6-(2H- 

tetra2ol-5-yl)-hexyl]-cyclopentanone is in the range of 0.001 to 20 mg/kg/day, preferably 
0.01 to 10 mg/kg/day. 

In particular, an effective dosage for sodium fluoride is in the reuige of 0.01 to 
50 mg/kg/day, preferably 0.2 to 10 mg/kg/day. 
15 in particular, an effective dosage for a parathyroid hormone and metabolites and 

fragments thereof is in the range of .00001 mg/kg/day to 1 mg/kg/day, preferably 0.001 
to 0.5 mg/kg/day. 

In particular, an effective dosage for growth hormone or growth hormone 
secretagogues is in the range of 0.0001 to 100 mg/kg/day, preferably 0.01 to 5 
20 mg/kg/day. 

The compounds of the present invention are generally administered in the form 
of a pharmaceutical composition comprising at least one of the compounds of this 
invention together vwth a pharmaceutically acceptable vehicle or diluent. Thus, the 
compounds of this invention can be administered individually or together in any 

25 conventional oral, parenteral or transdermal dosage form. 

For oral administration a pharmaceutical composition can take the form of 
solutions, suspensions, tablets, pills, capsules, powders, and the like. Tablets 
conteiining various excipients such as sodium citrate, calcium carbonate and calcium 
phosphate are employed along with various disintegrants such as starch and preferably 

30 potato or tapioca starch and certain complex silicates, together with binding agents 
such as polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally, lubricating 
agents such as magnesium stearate, sodium lauryl sulfate and talc are often very useful 
for tabletting purposes. Solid compositions of a similar type are also employed as 
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fillers in soft and hard-filled gelatin capsules; preferred materials in this connection also 

Include lactose or milk sugar as well as high molecular weight polyethylene glycols. 

When aqueous suspensions and/or elixirs are desired for oral administration, the 

compounds of this invention can be combined with various sweetening agents, 
5 flavoring agents, coloring agents, emulsifying agents and/or suspending agents, as well 

as such diluents as water, etharwl, propylene glycol, glycerin and various like 

combinatioris thereof. 

For purposes of parenteral administration, solutions in sesame or peanut oil or 

in aqueous propylene glycol can be employed, as well as sterile aqueous solutions of 
0 the corresponding water-soluble salts. Such aqueous solutions may be suitably 

buffered, if necessary, and the liquid diluent first rerKiered isotonic with sufficient saline 

or glucose. These aqueous solutions are especially suitable for intravenous, 

intramuscular, subcutaneous and intraperitoneal injection purposes. In this connection. 

the sterile aqueous media employed are all readily obtainable by standard techniques 
5 well-known to those skilled in the art 

For purposes of transdermal (e.g.,topical) administration, dilute sterile, aqueous 

or partially aqueous solutions (usually in about 0.1% to 5% concentration), otherwise 

similar to the above parenteral solutions, are prepared. 

Methods of preparing various pharmaceutical compositions with a certain 
0 amount of active ingredient are known, or wiM be apparent in light of this disclosure, to 

those skilled in this art. For examples, see Remington's Pharmaceutical Sciences . Mack 

Publishing Company, Easter, Pa., 15th Edition (1975). 

Pharmaceutical compositions according to the invention may contain 0.1 %-95% 

of the compound(s) of this invention, preferably 1%-70%. In any event, the composition 
5 or fomnuiation to be administered will contain a quantity of a compound(s) according 

to the invention In an amount effective to treat the disease/condition of the subject 

being treated. 

Since the present invention relates to the augmentation and maintenance of 
bone mess by treatment with a combination of active ingredients which may be 
0 administered separately, the invention also relates to combining separate 
pharmaceutical compositions in kit form. The krt includes two separate pharmaceutical 
compositions: an estrogen agonist/antagonist and an anabolic agent. The kit includes 
container mee^is for containing the separate compositions such as a divided bottie or 
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a divided foil packet. Typically the kit includes directions for the administration of the 
separate components. The kit form is particularly advantageous when the sepeuate 
components are preferably administered in different dosage forms (e.g., oral and 
parenteral), are administered at different dosage inten/als, or when titration of the 
5 individual components of the combination is desired by the prescribing physician. 

An example of such a kit is a so-called blister pack. Bfister packs are well 
known in the packaging industry and are being widely used for the packaging of 
pheuTTiaceutical unit dosage forms (tablets, capsules, and the like). Blister packs 
generally consist of a sheet of relatively stiff material covered with a foil of a preferably 

1 0 transparent plastic material. During the packaging process recesses are formed in the 
plastic foil. The recesses have the size and shape of the tablets or capsules to be 
packed. Next, the tablets or capsules are placed in the recesses and the sheet of 
relatively stiff material is sealed against the plastic foil at the face of the foil which is 
opposite from the direction in which the recesses were formed. As a result, the tablets 

15 or capsules are sealed in the recesses between the plastic foil and the sheet. 
Preferably the strength of the sheet is such that the tablets or capsules can be removed 
from the- blister pack by manually applying pressure on the recesses whereby an 
opening is formed in the sheet at the place of the recess. The tablet or capsule can 
then t>e removed via said opening. 

20 tt is desirable to provide a memory aid on the card, e.g.. in the form of numbers 

next to the tablets or capsules whereby the numbers correspond with the days of the 
regimen which the tablets or capsules so specified should be ingested. Another 
example of such a memory aid is a calendar printed on the card e.g., as follows "Rrst 
Week. Monday, Tuesday, ...etc.... Second Week, Monday, Tuesday,..." etc. Other 

25 variations of memory aids will be readily apparent. A "dally dose" can be a single tablet 
or capsule or several pills or capsules to be taken on a given day. Also a deuiy dose 
of bone anabolic agent can consist of one tablet or capsule while a dally dose of a anti- 
resorptive agent can consist of several tablets or capsules. The memory aid should 
reflect this. 

30 In another specific embodiment of the invention a dispenser designed to 

dispense the daily doses one at a time in the order of their intended use is provided. 
Preferably, the dispenser is equipped with a memory-aid, so as to further facilitate 
compliance with the regimen. An example of such a memory-aid is a mechanical 
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counter which Indicates the number of dally doses that has been dispensed. Another 
example of such a memory-aid is a battery-powered micro-chip memory coupled with 
a liquid crystal readout, or audible reminder signal which, for example, reads out the 
date that the last dally dose has been taken and/or reminds one when the next dose 
5 Is to be taken. 

EXAMPLE 

One hundred and four female Sprague-Dawley rats (Charles River, Wilmington, 
MA) at 12 months of age were sham-OF>erated or ovariectomlzed (OVX) at month 0. 
Three months post-surgery, OVX rats were treated with either Prostaglandin Ej (PGEj), 

10 a known anabolic bone agent, at 3 mg/kg/day (subcutaneously injection), or PGE, at 
3 mg/kg/day (subcutaneously injection) combined with droloxifene (DRO) at 10 
mg/kg/day (orally) for 2 months. Thereafter, the PGEj treatment was withdrawn and the 
rats were then treated with either vehicle (1 0% alcohol in saline) or DRO (1 0 mg/kg/day, 
orally) for another one and a half months as described in the following. 

15 Group I: Bght rats were autopsied at month 0 as basal controls. 

Group II: Eight sham-operated rats were autopsied at month 3 as pre-treatment 
controls. 

Group III: Eight sham-operated rats were orally treated with vehide (1 0% ethanol 
in saline) from months 3 to 5, and autopsied at month 5. 
20 Group IV: Eight sham-operated rats were orally treated with vehicle (1 0% ethanol 

in saline) from months 3 to 6.5, and autopsied at month 6.5. 

Group V: Eight OVX rats were autopsied at month 3 as pre-treatment controls. 
Group VI: Eight OVX rats were orally treated with vehicle (10% ethanol in saline) 
from months 3 to 5, and autopsied at month 5. 
25 Group Vll: Eight OVX rats were orally treated with vehicle (1 0% ethanol in saline) 

from months 3 to 6.5, and autopsied at month 6.5. 

Group VIII: Eight OVX rats were subcutaneously injected with 3 mg/kg/day of 
PGEj from months 3 to 5, and autopsied at month 5. 

Group IX: Eight OVX rats were subcutaneously injected with 3 mg/kg/day of 
30 PGEj from months 3 to 5, and vehicle from 5 to 6.5 months, and then autopsied at 
month 6.5. 
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Group X: Eight OVX rats were subcutaneously injected vwth 3 mg/kg/day of 
PGE, from months 3 to 5, and 1 0 mg/kg/day of DRO orally from 5 to 6.5 months, and 
then autopsied at month 6.5. 

Group XI: Eight OVX rats were subcutaneously injected with 3 mg/kg/day of 
5 PGE, and 10 mg/kg/day of DRO orally from months 3 to 5, and then autopsied at 
month 5. 

Group XII: Eight OVX rats were subcutaneously injected with 3 mg/kg/day of 

PGEj and 10 mg/kg/day of DRO orally from months 3 to 5, and vehicle from months 

5 to 6.5, then autopsied at month 6.5. 
10 Group XIII: Eight OVX rats were subcutaneously injected with 3 mg/kg/day of 

PGE, and 10 mg/kg/day of DRO orally from months 3 to 5, and DRO alone from 

months 5 to 6.5. then autopsied at month 6.5. 

Both PGEj (Cayman Chemical Co., Ann Arbor, Ml) or droloxifene (Pfizer Inc. 

Groton, CT) powder was first dissolved in 100% ethanol and further diluted with saline 
1 5 into desired concentrations (final ethanol concentration was 1 0%). A PGE, solution was 

daily injected subcutaneously on the back at 1 ml/kg. A droloxifene solution was given 

daily p.o. at 1 ml/rat. 

Lumbar Vertebral Bone Mineral Measurements 

Dual energy x-ray absorptiometry (QDR 1000/W, Hologic, inc., Waltham, MA) 

20 equipped with a 'Regional High Resolution Scan" software (Hologic, Inc., Waltham, MA) 
was used to determined the bone area, bone mineral content (BMC), and bone mineral 
density (BMD) of whole lumbar spine and each of the six lumbar vertebrae (LV1 - 6) in 
the anesthetized rats. The rats were anesthetized by injection (i.p.) of 1 ml/kg of a 
mixture of ketemine/rompun (ratio of 4 to 3), and then placed on the rat platform. The 

25 scan field sized was 6 x 1 .9 cm, resolution was 0.0254 x 0.0127 cm, and scan speed 
was 7.25 mm/sec. The whole lumbar spine scan image was obteiined and analyzed. 
Bone area (BA), and bone mineral content (BMC) were determined, and bone mineral 
density was calculated (MBC divided by BA) for the whole lumbar spine and each of 
the six lumbar vertebrae (LV1 - 6). 

30 At 3, 5, or 6.5 months post-surgery, BMC and BMD of whole lumbar spine and 

each of the lumbar vertebrae was significantly decreased by 15% to 27% in OVX rats 
compared to sham controls. Rats 3 months post-OVX treated with either PGEj alone 
or combined with DRO for 2 months had completely restored BMC and BMD back to 



\ 
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the sham control levels. There was no difference in BMC and BMD of OVX rats treated 
with PGEj alone or PGEj combined with DRO, Indicating that DRO did not blunt the 
anabolic effects of PGEj. Upon PGEj cessation of treatment, a significant decrease in 
BMD of LV1, LV2, and LV3, and In BMC of LV2 was observed. On the other hand. 
5 when DRO treatment was given to these OVX rats after discontinuation of PGE,, the 
PGEj-restored bone was completely maintained. SImllarty, discontinuation of both 
PGEj and DRO for 1.5 months produced a significant decrease in BMD of LV3. 
However, when PGE, was withdrawn and DRO treatment was continued for another 1 .5 
months, no bone loss was found in the lumbar spina of these OVX rats. We concluded 

10 that DRO, an anti-resorptive agent, did not blunt the anabolic effects of PGEj in 
osteogenic rats. Further, DRO was efficacious in maintaining PGEj-restored bone after 
discontinuation of PGE,. These data support the strategy of using an anabolic agent 
to restore bor>e mass in the osteoporotic skeleton followed by an anti-resorptive agent 
to maintain the restored bone meiss. 

16 It should be understood that the invention is not limited to the particular 

embodiments described herein, but that various changes and modifications may be 
made without departing from the spirit and scope of this novel concept as defined by 
the following claims. 



